NADH dehydrogenase as a molecular target for artemisinin related antimalarian drug screening in a yeast model / Ummul Hanan Mohamad by Mohamad, Ummul Hanan

* (MS) = Main Supervisor       (CS) = Co Supervisor
17U n i v e r s i t i  T e k n o l o g i  M A R A  ( U i T M )
Name :
Shabani Ismail
Title :
Effects of Ce4+ And Cd2+ Substitutions on Superconducting 
Fluctuation Behavior, Ultrasonic Velocity and Elastic 
Properties of Fe- Doped (Tl, Bi)-1212 High Temperature 
Superconductors
Supervisor : 
Prof. Dr. Ahmad Kamal Hayati Yahya (MS)
Dr. Abdel Baset Mohamed El Nabwi Abdel Hamid Ibrahim (CS)
Name :
Ummul Hanan Mohamad
Title :
NADH Dehydrogenase as a Molecular Target for
Artemisinin Related Antimalarian Drug Screening in a Yeast 
Model
Supervisor : 
Associate Prof. Dr. Mohamad Faiz Foong Abdullah (MS)
Dr. Umi Marshida Abd Hamid (CS)
In this study, two series of superconductor compounds with 
starting composition Tl0.9Bi0.1Sr2−xCexCa0.9Y0.1Cu1.99Fe0.01O7−δ 
(x = 0–0.20) and Tl0.9Bi0.1Sr1.8Yb0.2Ca1- xCdxCu1.99Fe0.01O7-δ (x = 
0–0.4) ceramics were prepared using the conventional solidstate 
synthesis method to elucidate their physical properties. For Ce-
substituted of Tl0.9Bi0.1Sr2−xCexCa0.9Y0.1Cu1.99Fe0.01O7−δ (x = 
0–0.20) samples, the zero critical temperature, Tc zero increased 
from 65.4 K (x = 0.05) to 71.0 K (x = 0.10), but slightly decreased 
for x > 0.10 indicating the optimum value of average copper 
valence was achieved at x = 0.10. Excess conductivity analysis 
using the Aslamazov Larkin, AL and Lawrence–Doniach, LD 
models revealed two dimensional, 2D to threedimensional, 3D 
transition of superconducting fluctuation behavior, SFB with the 
highest transition temperature, T2D-3D at x = 0.10. FTIR analysis 
in conjunction with XRD results showed softening of FeO2/CuO2 
planar oxygen mode which is suggested to be related to possible 
increase of interplane coupling, J and this is supported by computed 
results based on the LD model. The enhanced J increases 
superconducting coherence length along c-axis, ξc(0), and hence 
lowers anisotropy, γ resulting in enhanced superconducting 
properties. For Tl0.9Bi0.1Sr1.8Yb0.2Ca1-xCdxCu1.99Fe0.01O7-δ (x = 
Artemisinin is currently the only effective drug against malaria. 
However, artemisinin-resistant Plasmodium had begun to emerge 
in many malaria endemic areas. Discovery of new anti-malarial 
with artemisinin-like activity had been slow as the molecular 
target of artemisinin was yet to be established.   In addition, 
studies on the malaria causative agent were also hampered 
because Plasmodium was difficult to culture in-vitro. Therefore, 
this research aims to develop a reliable yeast screening system 
to help clarify artemisinin mode of action as well as accelerate the 
discovery of potential anti-malaria with artemisinin-like properties. 
The NADH dehydrogenase enzyme, which was coded by NDE1 
and NDI1, in Saccharomyces cerevisiae as thought to be a major 
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0–0.4) ceramics, substitution of Cd caused Tc zero increasing from 
40.0 K (x = 0) to 76.4 K (x = 0.3) before decreasing to 74.8 K (x = 
0.4) with increasing Cd2+ contents. FTIR analysis in conjunction 
with XRD results indicates improved J that is evidenced in the 
form of decreased c-axis length and softening of the apical oxygen 
mode with Cd concentration. Excess conductivity analyses 
showed cross-over between 2D to 3D SFB transition for all the 
samples (x = 0.1–0.4) with the highest T2D–3D was observed 
at x = 0.3. Similar calculation revealed longest value of ξc(0) 
and the highest J at x = 0.3. Ultrasonic velocity measurements 
was performed on longitudinal and shear velocities at 9 MHz in 
temperature ranges of 80–280 K and 80– 220 K, respectively, 
for Tl0.9Bi0.1Sr1.8Yb0.2Ca1-xCdxCu1.99Fe0.01O7-δ (x = 0-0.4) and 
Tl0.9Bi0.1Sr2-xCexCa0.9Y0.1Cu1.99Fe0.01O7-δ (x = 0-0.2) ceramics 
to study the influence of Cd and Ce substitutions on elastic 
properties and elastic anomaly. For the former series, ultrasonic 
velocity measurements at 80 K showed a non-linear increase in 
both absolute longitudinal and shear velocities as well as elastic 
moduli with Cd substitution with the largest increase observed for 
the x = 0.3 sample. Temperature dependant longitudinal modulus 
showed elastic anomaly characterized by a step-like slope change 
at around 230 K for x = 0 & x = 0.3 and at around 250 K for x = 
0.4 with the x = 0.3 sample showing the sharpest slope change. 
For Tl0.9Bi0.1Sr2-xCexCa0.9Y0.1Cu1.99Fe0.01O7-δ series, Ce was 
observed to influence elastic moduli at 80 K which showed the 
largest value obtained at x = 0.10. A longitudinal velocity anomaly 
was observed at around 260 K for the unsubstituted sample (x = 0). 
Ce substitution caused the temperature of the elastic anomaly to 
shift to 250 K (x = 0.1) and 262 K (x = 0.2). The existence of the step-
like elastic anomaly was suggested to be due to oxygen ordering 
taking place in Tl-O planes. The analysis of the elastic behavior 
in the vicinity of the elastic anomalies using Landau free-energy 
model for both Tl0.9Bi0.1Sr1.8Yb0.2Ca1-xCdxCu1.99Fe0.01O7-δ (x = 
0-0.4) and Tl0.9Bi0.1Sr2-xCexCa0.9Y0.1Cu1.99Fe0.01O7-δ (x = 0-0.2) 
series suggests that the anomaly is due to a phase transition 
which involves oxygen ordering.
molecular target for artemisinin. A yeast system was constructed 
in which the efflux pump regulator genes, PDR1 and PDR3, and 
either NDE1 or NDI1 were deleted. Absence of the PDR1 and 
PDR3 genes minimized the ability of yeast to remove the test 
drugs into the extracellular environment, thus the drug effect 
could be clearly observed. From the study, ∆pdr1∆pdr3∆nde1 or 
∆pdr1∆pdr3∆ndi1 knock-out tolerated 12 µM artemisinin and 4 µM 
dihydroartemisinin in contrast to ∆pdr1∆pdr3. Hence, ∆pdr1∆pdr3 
and ∆pdr1∆pdr3∆nde1 were chosen to serve as the screening 
panels. Several compounds were found to possess artemisinin-
like activities. These included black seed oil, black pepper 
and mangosteen. Since NADH dehydrogenase genes in yeast 
were homologous to Plasmodium NDH2 gene, it was assumed 
that any effect towards the yeast proteins may be reflective of 
a similar effect towards Plasmodium protein. Further validation 
demonstrated that the cloned NDE1 gene partially restored the 
yeast susceptibility to artemisinin derivative, dihydroartemisinin. 
Real-time PCR revealed that the yeast with cloned NDE1 
expressed NADH dehydrogenase albeit at 32-fold lower than the 
wild-type. Following that, random mutation to NDE1 gene showed 
that most mutation was single nucleotide deletion that altered the 
protein sequence to produce non-functional (due to stop codons) 
or missense (due to different amino acid sequence) protein to 
resist artemisinin derivative.
